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MC/DC measurement method for Real-time OS

Abstract:

The present paper reports a new MC/DC measurement method for Real-time OS. Recently, adherence to
software safety requirements is increasingly becoming more important. Although MC/DC metrics are widely
used in software testing, no record of MC/DC measurement on Real-time OS was found. Furthermore, as
for TOPPERS/ATK2, a RTOS developed by the authors based on AUTOSAR specifications, measuring
MC/DC was assumed to be hard due to the strict restrictions on coverage retrieval method and execution
environment, since it supports memory protection function and multi-core. Therefore, the authors first
summarized the requirements for measuring MC/DC of TOPPERS/ATK2, then considered several method-
ologies to fulfill the requirements by using commercial MC/DC measurement tools, and established a new
MC/DC measurement method for TOPPERS/ATK2. The new method enables MC/DC measurement of
TOPPERS/ATK2 based software for automotive systems.
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*4 http://www.parasoft.com/cpptest

*5  http://www.gaio.co.jp/product/dev_tools/pdt07_winams.html

*6 http://www.ldra.com/index.php/ja/products-a-
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Fig. 1 Sample of coverage infomation
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TeTF ANTar S L EFTLIET A, WAL B0
T CPU BINDFEA T B BIRMFEE LT, ATK2 T, A€
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AEBVAHACILERICH LT, ALy VBB I—RH
HHAFENTLE S TWIEC ENRRTH -T2, 71\
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Fig. 2 Flow of measuring MC/DC
MK, avA)VAT g TNy VEIGFHa—F
MWD ATNHZNK D ICEIET S.
B, Ly VEUSHZ A7 2V BRI SEREN
THY, ALy VIS ATK2 147 I VICEENS.

4.2 TAMTOTSLOEIVRELURT

2.5 TRz & 512, AKTSP Cl37A 7145 L0Y
JWRRFTEIAR YV RIA U B Y VAT ) T k-5
TERITAMETHS. TTT, TANTOFSLED) VIS
% ATK2 YV —Ad—R7Z, 713w U5s ATK2 947
FUNBEBRMZATECIVREZITIXDICY VATV T M e
BIFT5Ceick, a2y RIAVDEEHNLY Uk
S22 7 AN IS L2979 %. TO, 3.2.6 T
Nz, EOEHES 17358 7T 5.

TA N TS LI TR, 3.2.2 TRy AT a7
ARICK T, RAFPCUTTFART—2DANL Y Y
HRZZETHDT, TNETFART 7 AIICHMET 5.

COTANTOTILDOEIVER, X—=w R ZT LA\
Ou—F, F7, ALy IEWRORE, &S —EoY
1)V (K 2 OB CEIATED) 2T A R T 055 Lok
20 RT.

4.3 ANLYIRROI—IELUEH
IRTDTANTO TS LR Lk, BUGLIzdX
TOHINL Y VIEHE cat AV RTY—Vd 5. v—Y
Uiz 2Ny DMERZ, 731 F VD ZHeY —)U T C+ttest
MBOARBREIRINA TV T —2AEWT 2. TOI—,
BROLHEE O R4 V TERITAIRETH B DT
AKTSP OfgrEE L TEM L7z,

4.4 MC/DC DRESR
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IZASIL, MC/DC %53 5.
5. MC/DC stRIDEEER

KRETIE, 4 DFEZHVT, FBEIC MC/DC 3HllZ SR
Jii U7zl BRI DWW TR % .

5.1 REIRIR
FRECHH U ERBEIG LT OO TH S, 5B, ATK2-
SC3 &, ATV IR#ERKAEZ Y R— bk L7z ATK2 OffREt v
FDHITH 5.
e RTOS : ATK2-SC3 Release 1.2.1 *®
o A=V IVATL:
Altera DE2-115 Development and Education Board
e IIXI3AT :gece version 4.1.2
e FKALPC:
— OS ! Windows7 Professional 64bit
— CPU ! Intel Core i7-3770 3.40GHz
— RAM : 8GB

5.2 MC/DC DR

ATK2-SC3 ICWT BV AT LY —C AT AMDT Ak
r—ZHUX, 40,609 FTHB. AWHRELEZ—T Y FU R
T LGS, AERVGLE, COT AN —Z% 40 DT
ASTUT I LCHEILTHRITT 208N H 5. AKTSP
T, TANTOTTLAERY =V (1] ZERTZC LT,
BE LIRSS Cle T A N r—ADHEFATT BT L
MTE5.

BT LY —E AT A R RHEMELIFSE, MC/DC &
60%TdHh > 7. Ct++test TMC/DC ZE/R L 7z i 7z X
313”9, MC/DCEHilONSRE Lz 0S DY —Aa— R
1%, kernel 7HIVENDT 7 A IVDIRTH%.

MC/DC H 100% Tld /&> 7= DT, H73— L TR
d— RzfR iz, YATLY—CATARDT R
FREFEAN—LEVO—FRE, TARMRNROY AT L
Y= AETHDOHNL Y VOREIGFT S LICK>THh
N—=L7RNIA—ROARTHBT xR LTz, Lizh-oT,
MC/DCEZIELLHETETCVELEZRT LN TES.

BB, YATLY—EATARNTHN=TERVI—F
X, RILFDOES%REDTHS.

o OSATYxZ bW, # U
o N—RULTEAIDIT Y NZA IV TMIFET B0
o OSTZHfi/x & 0S 5D Y X T LY —E ZAMEH Uikt

ERGY 1B

o VATLY—EXANLIEFATEINZNO—FR

MC/DC WAN=ENTWIRNI— F7%Z, C++test TH
RUTeBZK 4 1R if S, 2 DDA AND 5
HETIREENTED, [true & true = true] DA ETDHE

*8  http://www.toppers.jp/atk2-download.html
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ALy gxU—
&5t [LC=N/A DC=N/A MCDC=59 (%)]
atk2-sc3-old [LC=N/A DC=N/A MCDC=59 (%)]

arch [LC=N/A DC=N/A MCDC=0 (%)]

nios2_gecc [LC=N/A DC=N/A MCDC=0 (%)]
pre_config.h [LC=N/A DC=N/A MCDC=0 (%)]

include [LC=N/A DC=N/A MCDC 0 (%)]
queue.h [LC=N/A DCzh

kernel [LC=N/A DC=N/
alarm.c [LC=N/A DC=NIA
counter.c [LC=N/A DC=N/A MCDC=31 (%)]
counter.h [LC=N/A DC=N/A MCDC=0 (%)]
counter_manage.c [LC=N/A DC=N/A MCDC=860 (%)]
event.c [LC=N/A DC=N/A MCDC=82 (%)]
interrupt.c [LC=N/A DC=N/A MCDC=8 (%)]
interrupt_manage.c [LC=N/A DC=N/A MCDC=85 (%)]
ioc_manage.c [LC=N/A DC=N/A MCDC=0 (%])]
memory.c [LC=N/A DC=N/A MCDC=69 (%)]
memory.h [LC=N/A DC=N/A MCDC=0 (%)]
osap.c [LC=N/A DC=N/A MCDC=80 (%)]
osctl.c [LC=N/A DC=N/A MCDC=12 (%)]
osctl_manage.c [LC=N/A DC=N/A MCDC=42 (%)]
resource.c [LC=N/A DC=N/A MCDC=96 (%)]
scheduletable.c [LC=N/A DC=N/A MCDC=68 (%)]
task.c [LC=N/A DC=N/A MCDC=24 (%)]
task_manage.c [LC=N/A DC=N/A MCDC=81 (%)]

3 MC/DC OZREH
Fig. 3 Screen image of MC/DC

cntid = CNTID(p_cntcb);
if (is_hwecnt(cntid) && (p_cntcb >cntexpque.p_
[ni— e
/* BEBREINTFTANENE
(hwentinib_tablllliiiloxso)

b */
ncel)();
4 MC/DC BAN—ETN TR I— RO

Fig. 4 Sample of MC/DC uncovered code
&, [false & X = false] DA G DE ULFHIE N TV x
WZ LZEKT S, BEOMBEDEE, LEMORMEAN
false D&, AND &M CTH2Z DT, HMHIOSRMIFH
INENT &Y. MC/DC X, AHIOZAROHER
RAOMNL U C if )XRROHER R & 5 B A EDE B Efi
TEHRENDH DT, [true & false = false] £ T B7zHD
T AR T —ADBIMMAREE NS T ETHS.

5.3 FEUNDI kK
5.3.1 WEBEREOHRE

WY, RKFEZEHWT, ATK2-SC3 IR LTI AT L
P—ECRTANBEITUIE T A, FATRRNIEH 42 BRY
THoiz. ALy VEISH I— REHEDIAAL TRV
DIREETHNIZE, K28 TH 7D T, 21 5ick->
TLESTWA. T, ALy JERE 117H 9%
IS, YAT LA BEREIC X > THRA N PCISEELTWL
e lic ks, HEOMEH /M TILEOA —N—~\y
RFABRKTH - 7z.

ZTT, WLy DIERDH NI E N B ERE DR
TWRAEL, EEE DNy VEHREE LD TEETS
£, CHttest DALy VEIRBHZ A 75V ZEIEL
Fo. 121U, BEICEZLDOHNL Y VIEREE LD TEE
L&D Ld5e, SEIEAGUMRREANEL XD, C
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MR MLARY ZICa>TLES. HEICWDOhD[H
BOCHLBRE 2@ L, 1,600 [ 1 MFEEOSHETE &
HTIEEFETAHT LT, NN R L %55 2 & Z2hER
L7z
fERE LT, ATK2-SC3 1T 5 AT LY —E AT A
b7 A S OFATRERNEA 8 REfi & 72 0, BIERID AL
VSR 58 1/5 BREICEMET A T e TE .
5.3.2 ERHINL vy IBROIE
MC/DC A 100% T3 &> Tefzsh, HAiE MC/DC %
100% & T 270D T A Nr—RAZFEREBML, W&
ATK2-SC3 D MC/DC 7z 100% &35 W TEz. TD
B, AT LY—E AT A NIHT B HNLw DIEHE,
TFAMTFT—RTHREFELTHEL LT, BINLET AR
= AICHT BNy IR —V T 5T ENTE,
B, YATLY—EATANEEfNETZ0E%5LT T
EMNTE. TR, HNNL Y VIEREARBICY—VAHE
ELCICEBAYY N THSB.

6. FL&&

A T, ATK2 Z#MIC LT, RTOS IZ X9 3%
MC/DC Z5HlIT 2 FiEIC DOV TRz, KFETIR
ANLy VI I— R ET A FHROY — A 03— R
M &AL 7D MC/DC FHUY —)VTH B, CHtest &
HWT, MC/DC OatiflziT>7z. 22— v b AT L E
TOERITTH> TE ANy IIHERZIIST 2515, 4
Ly VMO —, f8E LIEFTDHRD A1y VE
BREOBEMITH L TIE, ANV VHIEHI A 75V
DHARIA RATHIG LTz, £iz, AKTSPICXZT A B
BN TE, T AMEMOAEbZIETS C 27%%<,
MC/DC gHIMNFRETH 5 T &z HfEFR Lz,

AFEZAONUL, ATK2 ZfiH U THR LIz8HiRS X
T LT DY T B 2 7 LTE MC/DC FHEIAATRE
2D, BERELRHIN THE S NIRRT T29 T & R iR
TRHTENTES. £, RTOSICEST, X—4v kv
AT L ETUDNFEITTEROVHIAARY 7 b T 2 71k LT
&, YATLuJREL AEORKREZ AT N, MC/DC
A AIRETH 5.

i

C++test DMEFHFERE, 5147 VHRCHOLTE
Eole, 77X BMY I ARASHOBERRICREA TREH O
BrRT5.

BEXH

1] WAFIL, “MC/DCIC X BBFMNRHIRD RAAA” | Fx
VHBARY T k= 7 WA, 2000.

[2] WEE— AN, BS KL, FFR RHEH, SHILE, “u
IH&N«—X@RKEWHTZF7D77A$&/—
V7 BFIEHBEE 2 GEE D, Vol.J95-D, No.4, pp.870—
884, 2012.



